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摘   要 












有利于涂层中 HA 纯度的提高，尤其当沉积温度为 100℃时，由于类水热处
理条件的建立，促进了其它晶型磷酸钙盐向 HA 的转化，保证涂层为更纯
的 HA。 
XRD 和 FT-IR 表征结果表明，所制备的涂层为结晶度较高的纯 HA；



































时间，实现了结晶度较高且晶粒尺寸在 20nm ~ 30nm 之间的纯 HA 粉体的
宏量制备。 

















Hydroxyapatite coatings can endow the surface metallic materials with a 
bioactivity, thus integrate the proper mechanical properties of the metal substrate 
with the excellent biological properties of the coating. Many techniques such as 
plasma spraying, electrophoresis, electrochemical deposition, sol-gel, 
biomimetic methods, etc. have been developed to prepare HA coatings on 
metallic substrates. Among them the electrochemical deposition method is one 
of the most flexible and versatile techniques. Electrochemical deposition method 
possess several advantages, including moderate deposition conditions that avoid 
high temperature destruction of the HA crystal phase, nonlinear coating 
procedure that fits for rough substrates, flexible deposition process which is 
readily to realize a controllable preparation. 
In this work, the electrochemical deposition technique has been 
systematically studied in order to exploit a well-controlled method to prepare 
bionic bone coating, and the structure controllability has been emphasized as 
well. The hydroxyapatite coatings with different morphologies have been 
prepared, and the relationship between structure and properties of the prepared 
hydroxyapatite coatings has been studied. In addition, the electrochemical 
deposition mechanism of hydroxyapatite coatings in different systems has been 
discussed in the paper. The main conclusions are listed as follows: 
1. Controllabe Preparation of HA Coatings by Electrochemical 
Deposition Method 
By adjusting the deposition temperature and concentration of the 
electrolytes, the hydroxyapatite deposition reaction takes place at the 
temperature over 70℃, under the condition of [Ca2+] ≤ 4.2×10-4M. The purity of 
hydroxyapatite coatings can be improved with the increasing tempeture，















the coatings are pure hydroxyapatite with high crystallinity. Three kinds of 
typical morphology of hydroxyapatite coatings are observed by SEM, they are 
standing-up, flower and ordered porous structures. In vitro test shows that all 
HA coatings exhibit good biocompatibility, but their bioactivities vary greatly 
with the various surface morphologies, while only the HA coating with ordered 
porous structures present the best bioactivities and strong ability to induce the 
growth of cell. The biocompatibility and bioactivity of material depends on the 
morphology and structure of the material surface. 
The effect of the deposition parameters including deposition time, current 
density, pH values and concentration of electrolytes, on the process of HA 
electrochemical deposition has been studied. The HA coatings with different 
morphologies and structures have prepared by the controllable electrochemical 
deposition. 
2. Formation Mechanism of the HA Coatings by Electrochemical 
Deposition 
The activity products of different calcium phosphates in high-concentration 
system and low-concentration system are given by thermodynamic calculation, 
respectively. By contrast of their solution products, the basic mechanism of the 
HA growth in these two systems is analyzed. The results show that a highly pure 
HA can be obtained in the low-concentration system, where the formation of the 
precursor is forbidden by the thermodynamic consideration.  
In the low-concentration system, the IR diffuse reflection and Raman 
spectroscopy are used to study the process of HA growth by electrochemical 
deposition by varying different preparing time. Combining thermodynamic 
calculations and experimental results, the two-step mechanism with two-order 
mode is proposed to explain the formation mechanism of HA coatings with three 
typical morphologies in low-concentration electrolyte system. 
3. A Large-Scale Preparation of Nano-Hydroxyapatite Powders  















combination of chemical co-precipitation and hydrothermal treatment is 
developed in the lab. By controlling the concentration of reactants and the time 
of hydrothermal treatment, pure HA powders with high crystallinity and the 
crystal size of 20~30nm have been successfully synthesized.  
Keywords: Hydroxyapatite coating, Electrochemically controllable deposition, 
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